The state of road accidents in Romania, especially in urban areas, underlines the need for research on identifying the appropriate measures for road safety enhancement. In this paper we present the results of research on road safety, specific to urban areas and to Bucharest City. The first part of the paper describes the structure of the model developed for evaluation of road safety performances in urban areas for different traffic intensity patterns. The initial level of modelling includes procedures for the representation of the macroscopic urban road network, starting from the representation of the digital urban area, with junctions and street sections classified according to their capacity and functionality. The second level of the model contains functions for estimating the safety performance of the urban transport network. Each category of elements with low safety performance is analysed, taking into account the physical network characteristics, the traffic flow intensity and accidents statistics. The second part of the paper presents the definition and calibration of the safety performance function for sections of the urban road network from Bucharest. The set of defined safety performance functions will be a useful tool for identifying the possible solutions and measures for safety enhancement.
Introduction
Road safety represents a main societal issue and constitutes a constant objective of policies and regulations developed and applied in transports. The statistics of road accidents recorded in Romania, presented in national and European reports, [1] , emphasises the need and importance of the research on road safety enhancement. Although after 2008 a decreasing trend of road accidents is observed in Romania, the rate of fatalities per million inhabitants remains much higher than in the EU (Figure 1 ).
Figure 1: Comparison of road accidents fatalities by population in EU and
Romania.
In 2012 the fatalities per million inhabitants registered in Romania were 71% higher than the EU average.
In Romania an important proportion of the total number of fatalities took place inside urban areas ( Figure 2 ). In 2010, from EU countries Romania had the highest rate of urban road accident fatalities per million inhabitants (it was seven times higher than in Sweden) [1] . In 2012, 61% of fatalities are recorded in accidents on urban roads. This state underlines the necessity of studies on urban road safety and is one of the main reasons of starting the project "Research on estimation and enhancement of intrinsic safety performances for urban traffic networks". The primary objective of the project is the improvement of the urban road safety by initiating measures for road accident risk diminishing in urban areas identified as zones with low safety performances. This paper presents results of the first phase of the project.
The structure of the model for estimating of the safety performance
In order to obtain accurate accident estimation it is necessary to develop a complex model, including besides a network model with physical, geometrical and technical characteristics, also a macroscopic digital network appropriate for traffic macrosimulation. The initial phase of the model (Figure 3 ) needs the representation of the digital urban road with description of the following features:
 Network geometry, defined by nodes and edges; Starting from the digitized urban physical network the appropriate macroscopic digital network is modelled. The macroscopic digital network is defined by nodes (which may correspond to physical intersection or point where local traffic is assigned), centroid zone connectors and links (which may correspond to section of the major and arterial roads). Each feature of the macroscopic digital network has assigned a code (Figure 4 ) formed by digits which give information about type and category of road infrastructure, number and width of lanes, signalization, category and configuration of transit lines and stops, configuration of pedestrian crossing, median islands, adjacent street parking system.
The macroscopic digital network has to be base for assigning of the traffic flows. Therefore, the codification and digitization of the urban transport network features are important steps because the result will characterize the topological The complex model for SPF estimation is developed based on macroscopic digital urban network, geodatabase of the urban physical network and the set of safety performance functions. Figure 5 illustrates the logical sequence of the main phases performed for SPF estimation. Based on the analysis of the network features with low safety performances, the possible solutions to improve the safety performance will be identified. 
Safety performance functions for urban network features
The concern and the studies in predicting accidents in transportation networks lead to definition of the several categories of SPFs for motorways [2, 3] , for rural areas crossed by motorways [4] and for the urban network [5] [6] [7] . For urban road networks three main categories of functions could be defined:
 Functions applied on the section between intersections (mid-block);  Functions developed for estimating the accidents number in major intersections, where flows from major and arterial streets interact;  Functions for estimating the accidents number in minor intersections, where flows from major and arterial streets and flows from collector and residential streets interact. Defining and calibration of the correct SPF for each urban road feature category is a complex issue. The SPF parameters can differ significantly function on configuration of intersection and section, type of vehicles, functionality of urban area etc. Therefore SPFs have to be defined and calibrated for different classes of network features, different traffic conditions. The choice of risk variables is performed based on analysis of traffic flows and detailed statistics of road accidents. Thus this selection depends in large measure on data availability. Generally, the variables and parameters included in SPF hang on:  Existence of the previous studies about variables and parameters with influence on road safety; although at European level there are several studies for definition and calibration of SPF, until now there are no quantification for the features and peculiarities of road network from Romania and especially no specific study for Bucharest metropolitan area.  The capacity of quantification and calibration on the basis of measurements which can be performed and identified as relevant. Taking into account the large size of Bucharest road network and its high rank of inhomogeneity, even at macroscopic level, and the lack of an historic of traffic flows measurements, for the present study we choose to define the "risk of accidents frequency" as accidents/(vehicle-km) for the road section with available traffic data.
In order to estimate the SPFs parameters, statistical reports on roads accidents from Bucharest were processed and analysed. The data about road accidents recorded in period of 2008-2012 were classified by causes ( Figure 6 ) and were used to add supplementary attributes about accident characteristics in the macroscopic urban network model and to identify the peculiarities of urban areas marked as high risk zones (Figure 7 ). The supplementary attributes are useful for calibration of SPFs parameters.
For this paper, we choose to exemplify the SFP calibration for the selection of road sections shown in Table 1 , for which we obtain the following SPF:
where A represents the number of accidents in the period of accidents registration (5 years) per length of section (in km); x 1 -number of lanes on the section (Table 1 ); x 2 -type of adjacent street parking (Table 1) ; α, β, δ -parameters to be estimated. From eqn. (1) results:
Using the data of the features with ID 7, 9 and 11, tab. 1, and eqn. (2), the next system of linear equations is obtained: 
or the average accidents per unit length: We include in the analysis the values for ID 10 and 12 ( Considerable deviations (over 100%) from the average value are observed in both situations of recorded and estimated values. The results obtained in this analysis demonstrate that the negative binomial distribution with over dispersion is the most appropriate method for accidents estimation. This conclusion is confirmed also by other studies [8, 9] . Therefore we use this asumption for the further analysis for estimation of accidents. Location of zones with high risk of road accident.
The functionality of the model is validated for several selections of road sections from Bucharest areas where accidents were recorded. For that purpose we use the empirical Bayes method [10] in a short variant due to the reduced amount of available data.
We estimate the number of the future accidents for a road section unit by the equation:
where represents the estimated future accidents; A -estimated accidents by eqn. (4) for specific attributes of the road section; A y -recorded accident on the road section in the previous period; ω -weight function ( ). As we mentioned before, we assume that estimated accidents A correspond to negative binomial distribution with the over dispersion ρ. For a road section the over dispersion ρ is estimated per unit length. The weight function is determined by the equation:
where T is the period (in years) with available data on accidents.
The functionality of the model was demonstrated with eqns. (6) and (7) for a set of road sections.
The next step in modelling consists in SPF definition for intersections, which is a complex issue. By analysing the macroscopic urban network model a wide range of intersection configurations resulted. Each class of intersection needs appropriate SPF variables and parameters. An additional difficulty of parameter calibration is given by the characteristics of ground public transport infrastructure (with dedicated tram track or with tram track included in road infrastructure). Consequently, supplementary studies for SPF definition are necessary.
Conclusion
Generally, even if the social accidents costs are evaluated being very high, the road safety impact has been seldom included in the urban traffic projects in the last two decades. Most of the urban transport and traffic studies have been focused on travel time, congestion, environmental impact, without taking into account the safety estimation. Recently the transport and traffic specialists concluded that road safety has to represent an additional criterion in selection of the best planning alternatives. The settled goal is the a-priori minimization of road accidents number for each studied alternative. Throughout the presented model we intend to develop geodatabases structures, methods and models for estimating the safety performance and number of accidents at the planning and designing step. Simulation tools will be developed in order to analyse different scenarios and traffic flows patterns and to identify appropriate solutions for safety performance improvement.
In order to achieve this goal further research on several complexes modelling issues are required:
 Definition of safety performance functions appropriate for inhomogeneous and complex intersections of Bucharest road network. In literature there is no definition of safety performance functions which include transit flow vehicles. Because in Bucharest road network and ground transit network are located in the same urban area, multiple connexions exist between the two networks; these connexions have to be modelled in studies on urban road safety  Calibrating of safety performance function parameters taking into account the fluctuant Bucharest traffic flow pattern and the impact of trams and light-train transit services on road safety performances.
